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ELECTRIC MACHINE WITH ROTOR COOLING AND 
CORRESPONDING COOLING METHOD 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a rotor device with a laminated core 
arrangement, which has a plurality of axial bores for the conduction of a coolant, 
and with two rotor pressure rings, between which the laminated core arrangement 
is fixed axially. The present invention relates, furthermore, to an electric machine 
having a rotor device of this type and to a corresponding method for cooling a rotor 
device. 

[0002] Where electric machines of higher power are concerned, rotor 
cooling is often necessary. A corresponding electric machine is known, for 
example, from the document US 2,610,992. The stator and rotor laminated cores 
described there have air cooling ducts running axially. 

[0003] In order to execute ventilation more uniformly in the axial direction, 
ventilation of the rotor on both sides may be provided. The German laid-open 
publication DE 44 13 389 describes, for example, such an electric machine. It 
possesses two rotor laminated cores arranged at an axial distance from one 
another on a common shaft, two stator laminated cores arranged at a 
corresponding distance from one another and a cooling device which has an air 
conveyance device and cooling ducts running in the axial direction. The latter, as a 
result of the axial distance between the laminated cores, are subdivided in each 
case in two portions and are connected to the air conveyance device in such a 
way that the flow passes through the two portions of each cooling duct in opposite 
directions. In the annular space between the laminated cores, the cooling air is 
deflected from an axial direction into a radial direction, or vice versa. The axial 
distance between the laminated cores is in this case selected such that the flow 
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cross section available in the annular space between the laminated cores for the 
cooling air is approximately equal to the sum of the flow cross sections of all the 
cooling ducts issuing directly into this annular space. However, this type of 
contradirectional cooling is highly complicated. 

SUMMARY OF THE INVENTION 

[0004] The object of the present invention is, therefore, to propose a rotor 
device which can be cooled contradirectionally by means of a relatively cost- 
effective construction. Furthermore, a corresponding cooling method is to be 
specified. 

[0005] According to the invention, this object is achieved by means of a 
rotor device having a laminated core arrangement, which has a plurality of axial 
bores for the conduction of a coolant, and with two rotor pressure rings, between 
which the laminated core arrangement is fixed axially, at least one of the two rotor 
pressure rings being configured for the targeted routing of coolant through the 
axial bores. 

[0006] Furthermore, according to the invention, a method is provided for 
cooling a rotor device with a laminated core arrangement, which has a plurality of 
axial bores for the conduction of a coolant, and with two rotor pressure rings, 
between which the laminated core arrangement is fixed axially, by the conduction 
of the coolant through the axial bores, the coolant being routed in a targeted 
manner through the axial bores by means of at least one of the two rotor pressure 
rings. 

[0007] Advantageously, a separation of the air inlet holes from the air outlet 
holes of the rotor cooling routing in the case of contradirectional cooling can 
consequently be achieved in a relatively cost-effective way. To be precise, the 
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rotor pressure ring or rotor pressure rings may be integrated into the air routing 
device. 

[0008] Preferably, the axial bores are combined into a plurality of groups by 
means of at least one of the two rotor pressure rings, so that the coolant stream 
through the bores of each group is essentially identical. By the individual bores 
being grouped together, the coolant flow is improved. For example, in each case 
two, three or four bores, but even more, if desired, can be combined in each 
group. 

[0009] Furthermore, the targeted coolant routing may be configured such 
that the bores or groups of bores are cooled contradirectionally with respect to one 
another. This leads to a more uniform cooling of the rotor in the axial direction. 

[0010] Furthermore, radii for improving the coolant flow are formed, in 
particular cast on, at predetermined edges of the at least one rotor pressure ring. 

[0011] In a particularly advantageous embodiment, the at least one rotor 
pressure ring may be configured as a fan. The rotor pressure ring consequently 
possesses threefold functionality: pressing together the laminated core, routing the 
coolant stream and conveying the coolant stream. In this case, it is further 
advantageous if the at least one rotor pressure ring is produced in one piece. 
Thus, there are no high production costs of the rotor pressure ring due to a large 
number of individual parts, welding operations or soldering operations. If, 
furthermore, the at least one rotor pressure ring is manufactured from spherulitic 
graphite iron, this results in weight benefits, as compared with conventional 
solutions. 

[0012] Two rotor pressure rings of similar configuration may be arranged on 
a common axis about a bore or a group of bores so as to be offset in a 
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circumferential direction. Contradirectional cooling can thereby be achieved at a 
low outlay in terms of cost. 

[0013] Preferably, an electric machine, in particular an electric motor, is 
equipped with the depicted rotor device according to the invention. 

BRIEF DESCRIPTION OF THE DRAWING 

[0014] The present invention, then, is explained in more detail by means of 
the accompanying drawings in which: 

[0015] FIG. 1 shows a top view of a rotor pressure ring according to 
the invention; 

[0016] FIG. 2 shows a section A - A through the rotor pressure ring of 
FIG. 1; 

[0017] FIG. 3 shows a cross section B - B through the rotor pressure 
ring of FIG. 2; 

[0018] FIG. 4 shows a partial cross-sectional view through an electric 
machine with rotor cooling according to the invention; 

[0019] FIG. 5 shows a top view of the rotor pressure ring which 
illustrates the counterpiece to the ring according to FIG. 1 ; 

[0020], FIG. 6 shows a section A - A through the rotor pressure ring 
of FIG. 5 and 

[0021] FIG. 7 shows a cross section B - B through the rotor pressure 
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ring of FIG. 6. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0022] The exemplary embodiments described in more detail below 
constitute preferred embodiments of the present invention. 

[0023] According to the invention, the rotor pressure ring possesses an 
additional functionality, to be precise that of routing the coolant through the axial 
bores of the rotor. A correspondingly configured rotor pressure ring 1 is illustrated 
in a top view in FIG. 1. Five triangular coolant leadthroughs 2 are arranged on its 
circumference. In each case three bores 3 are indicated in these coolant 
passages 2 by a dashed and dotted line and are located in a rotor, not illustrated, 
arranged behind the rotor pressure ring 1. Thus, by means of the triangular 
leadthrough 2, in each three holes or bores 3 are combined into a group of holes. 

[0024] FIG. 2 illustrates the coolant leadthrough 2 in cross section. It is 
evident from this, furthermore that the contour of the coolant leadthrough 2 runs 
obliquely in the radial direction. The reason for this is that, owing to fluid 
mechanics, a flow duct running obliquely outward radially is provided for the 
coolant, as explained in more detail in connection with FIG. 4. 

[0025] In a circumferential direction between two coolant leadthroughs 2, in 
each case three bores 4 are located in the rotor pressure ring 1 . These serve for 
coolant inlet when the bores 3 of the coolant leadthrough 2 serve for coolant outlet 
from the rotor. As illustrated in FIG. 2, upstream of the bores (in relation to the 
viewing direction of FIG. 1) are located in each case coolant routing walls 5 which 
run obliquely and which conceal the bores 4. The obliquely running contour of the 
coolant routing wall 5 is optimized in terms of flow at the coolant inlet. 
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[0026] Located at the center of the rotor pressure ring is a bore 6 which 
serves for receiving a shaft of the electric machine. 

[0027] FIG. 3 illustrates a cross section of the rotor pressure ring 1 along 
the section B - B of FIG. 2. In this, then, the coolant guides 2 can be seen clearly 
in section. Since the bores 4 can be seen directly in this view, they are reproduced 
by an unbroken line. The bores in the rotor lying behind them are again indicated 
by dashed and dotted lines. 

[0028] The action of the rotor pressure ring 1 can be explained in more 
detail with reference to FIG. 4. The rotor pressure ring 1 is arranged on the shaft 7 
and holds together a rotor laminated core 8. In the rotor laminated core 8 are 
located the bores 3 (lower half of FIG. 4) which are indicated in FIG. 1 and are 
connected to the coolant leadthrough 2. The coolant is conveyed according to the 
arrows reproduced out of the bores 3 through the coolant leadthrough 2 into a 
static air outlet orifice 9. A frustoconical guide element 10 steers the coolant 
stream from the coolant leadthrough 2 into the air or coolant outlet orifice 9. 

[0029] On the radially opposite side of the rotor (upper half of FIG. 4) are 
located bores 3' which are connected to the bores 4 of the rotor pressure ring 1. 
Via a coolant inlet nozzle 11, which is stationary with respect to the rotor, and the 
coolant routing wall 5 of the rotor pressure ring 1, the coolant is again delivered 
into the bores 3' of the rotor according to the arrows. 

[0030] At the other end, not illustrated in FIG. 4, of the rotor laminated core 
8, a rotor pressure ring with a similar configuration to that just described is likewise 
located. 

[0031] FIG. 5 illustrates a rotor pressure ring of this type in a top view, just 
as in FIG. 1. In its position in the circumferential direction, it is illustrated as it 
would be mounted as a counter piece to the rotor pressure ring of FIG. 1. This 
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means that the bores 104 of the rotor pressure ring counter piece 101 are 
connected to the bores 3, indicated in FIG. 1, of the rotor in the coolant 
leadthrough 2. The bores 3' indicated by means of dashed and dotted lines in the 
coolant leadthroughs 102, likewise communicate with the bores 4 which are 
concealed by the coolant routing walls 5 of the rotor pressure ring 1 in FIG. 1. 

[0032] FIG. 6 illustrates a section A - A through the rotor pressure ring 101 . 
However, the section is offset at 36° with respect to that of FIG. 1. The sectional 
image is identical to that of FIG. 2. 

[0033] FIG. 7 again illustrates a section along the line B - B of FIG. 6. Here, 
too, coolant leadthroughs 102 are to be seen, distributed on the circumference, in 
triangular form. The apices of the triangles point inward, in contrast to the triangles 
of FIG. 3. This configuration therefore has scarcely any fan effect. 

[0034] Once again, in each case three bores 104 are arranged between the 
triangular coolant leadthroughs 102. 

[0035] Since the rotor pressure ring 101 is offset with respect to the rotor 
pressure ring 101 in the circumferential direction by the amount of one group of 
holes, that is to say by the amount of three bores, according to FIG. 4 the bores 3' 
are connected at one end to the coolant inlet and at their other end to the coolant 
outlet. The same applies correspondingly to the bores 3 at the coolant outlet of 
FIG. 4. Contradirectional cooling can thereby be achieved without a high outlay in 
structural terms. 

[0036] The coolant leadthroughs 2 result in a star-shaped configuration of 
the rotor pressure ring 1. A fan effect is thereby achieved which conveys the 
coolant radially outward in each direction of rotation. 



7 



WO 2005/013459 



PCT/EP2004/008298 



[0037] With the aid of the coolant leadthroughs 2 or 102, however, groups 
of holes with two, four or more holes or bores can also be formed. In the case of 
groups of holes with two or four bores in a selected bore arrangement, the walls of 
the coolant leadthroughs may likewise be formed obliquely outward, so that a vane 
wheel for conveying the coolant is obtained at least in one direction of rotation. 

[0038] To achieve contradirectional cooling, however, it is not necessary for 
the holes or bores to be combined into groups. Instead, even only a single bore 3 
may be provided, downstream of the coolant leadthrough, in the rotor laminated 
core 8. Here, too, the separation of the coolant streams takes place by means of 
the walls of the coolant leadthrough 2 and the coolant routing wall 5. 

[0039] Furthermore, the present invention can also be applied to rotors, the 
cooling bores of which are arranged in one bore row and in three or more bore 
rows arranged radially one above the other. 
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